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Abstract 
This paper presents a novel dielectrophoresis (DEP) chip for lateral separation of cells/particles at multiple 
frequencies. DEP force was enabled by interdigitated electrodes fabricated in the access channel. The non-uniform 
electric field distribution in the micro-channel is solved through finite element analysis. To improve the effectiveness 
of separation, the shape of insulators is optimized and other parameters such as the width of the electrodes are studied 
by introducing parameter K which can stand for the DEP force imposed on cells/particles. It is proved that planar 
electrodes can take place of 3D electrodes under certain condition. Furthermore functions realized by 3D electrodes 
can also be achieved by simple planar electrodes. 
© 2011 Published by Elsevier Ltd. 
Selection and/or peer-review under responsibility of [CEIS 2011] 
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1. Introduction
Isolation and separation of interest cells/particles from a biological sample is one of the fundamental
processes in many biomedical applications. The isolation of targeted cells from a complex tissue permits 
better characterization of a specific cell property, of drug effects and differentiation factors [1]. 
Dielectrophoresis (DEP) is one such method, exerting forces on particles via dipoles that are induced by 
electric field gradients. One attractive feature of DEP is that it allows particle manipulation without the 
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need for tagging the particles. DEP-based manipulation has been successfully demonstrated for trapping 
[2, 3], separating [4, 5] and sorting [6, 7] cells and particles. 
Continuous separation and focusing of cells in a microfluidic channel have been demonstrated by using 
of balanced lateral dielectrophoresis at multiple frequencies. The lateral dielectrophoretic forces are 
generated either by arrays of independent 3D interdigitated electrodes located in the sidewalls of a main 
channel[8] or by arrays of interdigitated planar electrodes in the access channel along the main channel 
that utilized ‘‘liquid electrodes’’. The main advantage of the sidewall electrodes is that it can provide a 
strong electric field covering the entire channel. But it is difficult to fabricate sidewall electrodes and the 
other effect caused by the variation of the electrical field is not considered. Furthermore, the DEP-force 
and its direction can be generated at particular and desired locations in the main channel by using ‘liquid 
electrodes’. However the throughput is a potential limitation since the height of the channel cannot extend 
beyond the reach of the electrical field generated from the planar electrodes.  
In this study, a novel DEP chip is proposed and investigated through numerical simulation. The 
geometrical parameters of this scheme, such as shapes of insulators, width of electrodes and insulators are 
studied in order to achieve an ideal electric field distribution. Moreover, we discussed the similarity and 
replaceable condition between planar electrodes and sidewall electrodes. 
2. Numerical Model and Governing Equations 
The Laplace equation is used to solve the electric field, which can be expressed as: 
2 0∇ =V                                                               (1) 
= −∇E V                                                             (2) 
Figure 1 shows the 2D schematic of the chip, The DEP chip have a main channel and array of 
electrodes in dead-end channels (access channel) on each side. The width of the main channel, access 
channel and electrode are 50μm, the height of the channel and electrodes are 50μm. The interdigitated 
electrode array is fabricated on the top of a glass substrate using microfabrication techniques, and the 
channel is bonded with the substrate that forms the DEP chip. The medium solution flows in the channel 
from inlet to outlet. There are several pairs of electrodes but the electrodes are distributed periodically, so 
only two pairs of the electrodes is considered in the computation domain.  
 
                    
Fig. 1.  2D schematic of the chip 
To achieve lateral separation, interdigitated electrodes on one side of the channel can be used to 
generate a DEP force along the width direction of the channel and a second DEP force is used to counter 
the first DEP force by electrodes on the opposite side. If the two sets of electrodes are applied the same 
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AC signal, the objects will be focused at the middle of the main channel. If a third AC signal is added to 
one side of the electrodes, mixed cell/particle populations are separated by the coupled DEP forces and 
then directed into different channel outlets.  The equilibrium positions of different cell population satisfy 
the following formula [8]. 
[ ]
1 3
2 2 2
2 2 1 3Re ( ) Re ( ) Re ( )y y yK K Kω ω ω⎡ ⎤ ⎡ ⎤∇ = ∇ + ∇⎣ ⎦ ⎣ ⎦E E E                                   (3) 
Due to the different dielectric properties of particles, dissimilar particles will be focused on different 
equilibrium planes across the width of the channel. When coupled with fluid flow, this result in lateral 
separation along the width of the channel. 
Considering that 2 / y∂ ∂E
 
is the key factor for lateral separation and different insulator shape will 
generate different 2 / y∂ ∂E
 
distribution, semi-cycle and rectangular type insulators are analyzed. The 
shapes of the insulators are optimized in such a way that it can provide maximum 2 / y∂ ∂E  through the 
whole main channel. 
Figure 2 shows the 2 / y∂ ∂E
 
distribution for two types of insulators. To achieve lateral separation, 
2 / y∂ ∂E
 
distributions along the y axis at different x locations are important because greater 
2( / )y dy∂ ∂∫ E
 
can provide greater DEPyF . As 
2 / y∂ ∂E
 
distributions along the y axis is x location-dependent, 
it is necessary to find out 2 / y∂ ∂E
 
distributions where 2( / )y dy∂ ∂∫ E
 
is maximum and minimum for 
different insulator shapes. 
 
Fig. 2. Top view of the electric field strength distributions for two types of insulators: (top) semi-circle type insulators, (bottom) 
rectangular type insulators. 
The 2 / y∂ ∂E variation curves for the two insulators shapes at where 2( / )y dy∂ ∂∫ E is the minimum are 
show in Figure 3.   
                     
 
Fig. 3. The 2 / y∂ ∂E variation curves for the four insulators shapes at where 2( / )y dy∂ ∂∫ E is the minimum: (left part) semi-cycle type 
insulators, (right part) rectangular type insulators. 
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To compares the remaining types, the curve for each project is changed to a line whose slope is K and 
goes through origin. A parameter K is defined as follows to estimate the DEPyF  value:  
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∑                                                                       (4) 
where iy  is the y value of the curve in each figure, n is the total number of the sample points in the horizontal direction, b is the width of the main channel which is defined as 50μm in this model. 
Then DEPyF  can be written as follow: 
[ ]3 *2 Re ( ) * *DEP y mr K K yπ ε ω=F                                          (5) 
Table 1 lists the K where 2( / )y dy∂ ∂∫ E is maximum and minimum for each type from where it can be 
concluded that semi-cycle type insulator can generate the greatest 2 / y∂ ∂E  
 
in the main channel. ( maxK is 
defined as the K at where 2( / )y dy∂ ∂∫ E
 
is maximum and minK  is defined as the K at where 
2( / )y dy∂ ∂∫ E
 
is 
minimum) 
Table.1. maxK and minK  for different type of insulators 
type A B 
2 6 2
max[kg /(s *A )]K
191.3749 10× 184.2443 10×
2 6 2
min[kg /(s *A )]K
184.2443 10× 182.9667 10×
 
Figure 4 shows K variations with the width of the electrodes and the insulators. maxK increases with the 
width of the electrodes, but minK  decreases. When the width of the electrodes is longer than 120μm, maxK is 
two orders of magnitude bigger than minK . As minK  locates in the middle line of the electrodes, wider electrodes will generate less DEPyF  
in the main channel. So the width of the electrodes should not be too 
long. maxK and minK  both decrease with the width of the insulators and maxK  decreases faster than minK , therefore, the width of the insulators also should not be too long. 
 
Fig. 4. K variation curve: (left) with the width of the electrodes; (right) with the width of the insulators. 
The possibility of using planar electrodes to replace 3-D electrodes should be discussed because of the 
complexity of fabrication for 3D electrodes. Only if the 2 / y∂ ∂E distribution generated by planar 
electrodes is similar to the one generated by 3-D electrodes, the two kinds of electrodes can realize the 
same function. For planar electrodes, there will always be dead electrical field space farther away from the 
bottom of the channel. 2 / y∂ ∂E decays along the height of the channel and this will decrease the efficacy 
for DEP manipulation. If the attenuation degree is not too great (two or more orders of magnitude), it can 
be used to make up for the attenuation by adding the number of the electrodes which is quite simple for 
A B
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planar fabrication. Planar electrodes can replace 3D electrodes which may not influence the efficacy of 
DEP manipulation by using more pairs of electrodes. 
3. Conclusions 
This paper proposes a DEP chip for lateral separation. Moreover the separation principle was 
introduced. The insulator shape is optimized by numerical analysis in the way that introduces a parameter 
K which stands for the DEP separation force during the cell/particles motion and semi-circle type 
insulator is proved to be the most suitable for it can provide the strongest DEP force used for separation. It 
is found that planar electrode can take place of 3D electrode by adding the number of electrodes without 
decreasing the efficacy for DEP manipulation under the condition that the height of the channel is within 
50μm.  
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